Introduction
============

The oral cavity is a natural habitat for a large number of microorganisms. In dentistry, these microorganisms may pose a risk for cross-contamination and infection \[[@R1]\]. It is also important to consider that the pathways of contamination are bi-directional: Both patients and dental health care personnel (DHCP) may be exposed to a number of pathogens through exposure to blood and saliva \[[@R1]\]. In addition, the hands of DHCP may serve as a reservoir for pathogens \[[@R2]\], including multi-resistant strains \[[@R3]\]. Infection control forms an important part of practice for all health care professions and remains one of the most cost-beneficial medical interventions available \[[@R4]\], \[[@R5]\]. Professional dental associations and professional health agencies have advocated that universal precautions be applied to all patients, as their potential infectivity may not be known \[[@R6]\], \[[@R7]\], \[[@R8]\], \[[@R9]\].

The aim of this study was to assess the compliance with infection control recommendations of dentists and dental assistants and evaluate the risk of cross-contamination of the workplace due to aerosol formation during invasive dental procedures.

Methods
=======

A prospective, observational study was carried out at the School of Dentistry of the University Hospital Freiburg, Germany. The study received an exemption from institutional review board, since only observational methods were applied. Dental hospital staff was observed during clinical work for their compliance with infection control procedures as recommended by the German Robert Koch Institute \[[@R9]\]. Compliance with infection control opportunities during \~60 dental treatments was investigated. In addition, a survey was conducted after the observation period to assess the individual knowledge of dental hospital staff about infection control procedures and official recommendations. All dentist and dental assistants working at the Department of operative Dentistry and Periodontology, Albert-Ludwigs-University, Freiburg, Germany, were eligible for participation in the study and the survey. Contamination of the workplace during 18 invasive dental procedures was tested by placing three Columbia 5% sheep blood (COS) agar plates (Heipha, Germany) in different angles each at a distance of 0.75 meters from the dental-hand pieces; the COS plates were then aerobically incubated for 48 h at 36°C. Microbiological growth was assessed in the microbiological laboratory.

Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS 19.0, Chicago, USA). Descriptive statistics were used to explore data. Fisher's exact test was used for the analysis of contingency tables. P-values of \<0.05 were regarded as significant.

Results
=======

During the observational period, a total of 58 procedures were performed, 35 by female and 23 by male dentists. Results are shown in Table 1 [(Tab. 1)](#T1){ref-type="fig"}. All DHCP (100%) wore gloves during dental work, but in some cases (female dentists: 14.3%; dental assistants: 28.6%) gloves were neither changed nor hands were disinfected between aseptic activities (e.g. paperwork) or patients (female dentists: 68.6%; male dentists: 60.9%; dental assistants: 93%). Only 31.4% of female and 39.1% of male dentists carried out adequate hygienic hand disinfection after removing gloves, while dental assistants carried out adequate hand disinfection significantly less frequently (7.0%; p\<0.005). Interestingly, 30% of all dental assistants stated in the survey that they would always perform correct hand disinfection after removal of gloves. All DHCP wore masks, however, 16% of all dental assistants masks were worn incorrectly covering only the mouth without the nose. All male dentists wore protective eyewear compared to 77.1% of female dentists and 62.5% of dental assistants (p\<0.005). Recapping needles was observed in 11.1% of female and 0% of male dentists, and 12.1% of dental assistants. However, needle stick injuries in the last 12 months were reported in the questionnaire by 35% of all dentist and 42% of all dental assistants, respectively. Some female dentists (7.4%) and dental assistants (9.1%) did not follow safe practices when disposing sharps. Nearly half of all dentists (43%) stated in the questionnaire that they disinfect their hands correctly when entering and leaving the treatment area, while only 18% of dental assistants declared the same. Correct hand hygiene before dental work was really observed by female dentists, male dentists and dental assistants in 40%, 30.4%, and 5.3%, respectively.

Contamination of the workplace due to evaporation and formation of aerosols by rotors and turbines of dental hand-pieces after invasive dental procedures was found in all cases (n=54). Within 0.75 meters all agar plates showed growth of oral flora, including non-fermenting bacteria, clinical relevant fungi (e.g. Aspergillus species), and oxacillin-sensitive *Staphylococcus aureus* (Table 2 [(Tab. 2)](#T2){ref-type="fig"}).

Discussion
==========

Dental practitioners are at high risk for infection by blood-borne pathogens, since they are continually exposed to blood and saliva mixed with blood, and may even suffer needle punctures \[[@R10]\], \[[@R11]\]. Emanation of pathogens through the spray of dental hand-pieces can also be considered an air-borne or water-born means of transmission, which may affect both the patient and the dental team \[[@R1]\]. Although, bacterial counts in dental rooms are not significantly higher than bacterial counts in public areas, the risk of transmission might be higher in a dental clinic compared to a public area due to the type of micro-organisms, host susceptibility and exposure time \[[@R12]\]. Data on transmission rates of viruses and bacteria in dental practice are scarce and real rates may even be underestimated \[[@R1]\]. In addition, the likelihood of health-care associated infections, particularly in dentistry, of being detected, reported, documented and published is small \[[@R13]\], \[[@R1]\]. The key to reduce or prevent the transmission of a variety of microorganisms to dental workers lays in a high compliance to infection control practices. Our study investigated dentist's compliance with recommended infection control practices in a university hospital dental clinic in Germany. This study shows that most dental healthcare personnel are compliant with infection control practices according to their needs, however, not necessarily according to the real recommendations. Wearing of masks and gloves during dental work was observed in all cases, however, 16% of dental assistants wore mask incorrectly. Also changing of clothes after visible contamination was done in all cases, and goggles were worn in 77.1%, 100%, and 83.9% of all cases by female dentists, male dentists, and dental assistants, respectively. All of which aims at personal protection in the first place. Nevertheless, also the transmission of pathogens from the hands of dental personnel to patients is of major importance for infection control. Hand hygiene is considered the single most effective method for prevention and control of healthcare-associated infections. The hands of healthcare workers may serve as a reservoir for many pathogens \[[@R14]\], \[[@R2]\]. Thus, compliance with hand hygiene procedures is essential. In our study, however, compliance with hand hygiene procedures was very low. More than half of all dental workers failed to disinfect their hands correctly before dental work, and also after removing gloves adequate hand disinfection was carried out in 31.4% of female and 39.1% of male dentists, only (Table 1 [(Tab. 1)](#T1){ref-type="fig"}). Dental assistants, however, showed even significantly less compliance rates (7.0%; p\<0.005). Furthermore, female dental workers wore jewelry significantly more frequent than male dentists. Ring wearing, however, is associated with 10-fold higher median skin organism count, and the risk of contamination with any transient organism increases stepwise as the number of rings worn increases (odds ratio \[OR\] for 1 ring worn, 2.6; OR for \>1 ring worn, 4.6) \[[@R15]\].

Transmission via aerosols, due to aerosol formation during invasive dental procedures, is a major concern in the dental setting. When working with hand-pieces bacterial aerosols including approximately 10^5^ CFU are continuously generated \[[@R16]\]. Our study confirmed the contamination of the workplace with bacteria in an area of diameter of 0.75. Several infectious agents relevant to the dental setting can occur via direct or indirect airborne transmission, such as varicella-zoster virus or tuberculosis \[[@R17]\], \[[@R18]\]. However, also Hepatitis B virus (HBV) infection can, besides through percutaneous injuries, result from (in)direct blood or bloody fluid exposure through inoculation into cutaneous scratches, abrasions, burns or on mucosal surfaces \[[@R19]\], \[[@R1]\]. HBV has demonstrated the ability to survive and remain infectious in dried blood on environmental surfaces for at least 1 week and probably longer \[[@R1]\], \[[@R20]\]. Therefore, dental procedures can introduce oral pathogens into the bloodstream or lymphatic system via direct hematogenous spread or aspiration, thereby causing various medical conditions including bacteremia, pneumonia, or infective endocarditis \[[@R21]\], \[[@R3]\].

Despite the knowledge of distinct hygiene procedures only a small percentage of dental staff performs hygiene practices according to the recommended guidelines. Although compliance with other infection control practices was high, clearly improvements were desirable, as well. Considerably lower compliance with infection control procedures due to insufficient knowledge was found in dental assistants compared to dentists. Based on the results of this study a training program was initiated which was well accepted and appreciated by all DHCP, including dental assistants and dentists. Extending continuing education and strict audit is needed in the dental setting to ensure compliance with infection control guidelines and to provide enduring knowledge \[[@R22]\]. In addition, a high compliance with infection control procedures is the key to quality care and excellence in dentistry. Our results provide insights for the development of a targeted education and training strategy to enhance compliance of dental staff, especially of dental assistants, with infection control procedures.

Notes
=====
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